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Simple Method of Size Estimation of Radioactive
Aerosols in Air Monitoring
Yuji YAMADA*,*1 and Aklra KOIZUMI**,*1 (Received August 3, 1990) (Accepted September 11, 1990) A new simplified method for particle size estimation of radioactive aerosols was proposed for air monitoring.
It does not need any new instruments but a traditional aerosol sampling device with a multistage filter system.
The method is based on the particle size dependency of penetration for air filter. Decontamination factor data measured in each filter stage is inversed to a size distribution of aerosols.
When air filter for a dust sampler such as Toyo HE-40T is used, the method can be applied for a size estimation of aerosols ranging from 0.2 to 10 m in which ICRP is interested for lung deposition model. In a size measurement of 19BAu aerosols, it was shown that the size distribution estimated by the present method was in a good agreement with the distribution by the existent method using a cascade impactor. Other than this, Leary determined particle size by the autoradiography,l) and recently IIDA et al.
modified it to speedy method by using a microchannel plate image intensifier.2> But these methods need complicated techniques and special instruments for analysis, and samples are limited to aerosols with a high specific activity. Therefore, it is not always appropriate for health physicists to use them in air monitoring. We propose a new simplified method, multistage filtration (MSF) method, which is based on a particle size dependency of its penetration through a filter. In this paper, we report on the MSF method and discuss the practicability to field measurement, giving an example of comparative study for validation of the method.
II MULTISTAGE FILTRATION THEORY
Particle penetration through a fibrous filter depends on a particle size. The particle size distribution in downstream of the filter is not the same as in upstream, which means that in multistage filter system, the size distribution in upstream of filter is different in every filter stage. Consequently, DF (Decontamination Factor; defined as a ratio of radioactivity in upstream of * In the present method, it is necessary for radioactivity of aerosol particle to be related to the particle size. In case of homogeneous aerosols generated from radioactive material in single chemical form, the radioactivity of one particle can be assumed to be proportional to a volume of the particle, namely, a cubic of the particle size.
And it is also necessary for the penetration curve of the filter to be known before the size estimations by the present method.
DF of the single stage filter is defined by a ratio of the total radioactivity of particles in upstream of the filter to that of downstream particles.
where dp: particle size, F(O,dP): particle size distribution function on radioactivity in upstream of the filter, F(l,dP): particle size distribution function on radioactivity in downstream of the filter When penetration function of the filter, P(d), is given, F(l,d p) in Eq. (1) is replaced with F(O,dp) P(d).
In the same manner, DF(n) of n-th stage filter is defined by a ratio of the radioactivity of particles in upstream of n-th stage filter to that of downstream particles. Namely, DF(n) is expressed by the following equation If an absolute filter with 100% of particle collection efficiency is used as the k-th stage filter, infinities in Eq. (4) 
1, Preparations for data inversion
In order to make a numerical integration for Eq. (3) using a microcomputer, both the size distribution function and the penetration function should be given in a mathematical form. In this paper, the size distribution was assumed to be a log-normal distribution.
Because there are many reports that most of size distributions of aerosols are close to a log-normal distribution.3> Consequently, the distribution is fixed by two independent variables, MD (median diameter) and GSD (geometric standard deviation). It means that only two DF values of the first and the second
For the penetration function of filter a parabola function on a log-log scaled graph of penetration vs. particle size was assumed in this paper. Because near parabolic curves are frequently observed for most filter although a theoretical inevitability does not exist.4> For instance, at the air flow rate of 1.33 cm/s the penetration curve of HE-40T filter (Toyo Roshi Co., Tokyo), which is widely used for a dust sampling in Japan, is found to have been given by the following equation in our previous study,5) Y=-2.25 X2-4.12 X-2.71 (5) where X=log(dp), Y=log(P). From a viewpoint of filtration, the curve is characterized by the following three parameters; namely, the most penetrating particle size (MPPS), the maximum penetration (MP), and the full width at tenth maximum (FWTM). From the Eq. (5), the MPPS of the HE-40T filter is calculated to be 0.121 urn in diameter. The MP and the FWTM are 0.153 and 21.6, respectively.
Numerical integration of Eq. (3) was executed for particles in a size range from 0.001 to 100um by using a microcomputer (NEC PC-9801, Nippon Electric Co., Japan). In order to calculate DF values for practically possible size distributions, 29 MDs ranging from 0.1 to 10um and 28 GSDs from 1 to 5 were selected, which resulted 812(=29x28)
sets of values were determined. As shown in Fig. 1 The DFs were measured to be 94.1+3.9, 20.7+ 1.1, and 13.9+2.1 for the filters of the first, the second and the third stage, respectively. And the size distribution of radioactive aerosols used in the DF measurements were directly determined to be AMAD =1.2m and GSD = 2.0 by a cascade impactor method.
In the present MSF method, size distribution of radioactive aerosols is estimated from the experimentally measured DFs. It was first tried to select all size distributions having the same DFs with the measured DFs within the experimental errors. In the present example, however, no size distribution was selected in this first level of accordance. Therefore, the second level selection, in which only one DF is made an exception in the selection, was made, and three size distributions were selected. As shown in Table 1 , the MDs of the selected size distributions were ranging from 0.9 to 1.2 m and the GSDs were from 1.8 to 2.0. These three distributions were within a reasonably small range. And they were found to be very close to the distribution determined by the cascade impactor method. A new method for the size estimation of radioactive aerosols was proposed and the propriety of the term was discussed.
The method has the following advantages;
(1) It needs only modification of a traditional dust sampler to a multistage filter sampler, so that the operation is very simple and the cost is very low.
(2) The applicable particle size range and the accuracy can be changed by selecting a proper filter media and operational conditions.
(3) Other quantitative analyses such as a chemical analysis can be applied.
At the same time, the method has some problems to be taken into account as follows;
(1) Size measurements are not made for each aerosol particle.
The method reveals only overall size, namely a size distribution with combination of MD and GSD.
(2) Penetration curve is a bivalent function mathematically, and no unique answer is given. In most of cases, however, health physicists can easily distinguish between true and faulse by circumstantial judgments. Furthermore, particle size which they are interested in for lung deposition is ranging from 0.2 to 10 pm,s> where monovalent penetration curves like HE-40T filter in this paper can be found.
(3) There are some assumptions in the present method.
For example, particle size is assumed to be log-normally distributed. 
